ABSTRACT: The paper presents a study of the evolution in development of documents printing technology, characterized in terms of the technical performance like print speed, resolution, repeatability, gamut etc., and of meeting the requirements of sustainable development and environment protection. Are analyzed printing technologies with toner and ink. Ink printing technology is emphasized using liquid and solid ink and toner printing based on the xerographic process, using organic xerographic drums. The trend in the development of these technologies is to increase technical performance while meeting environmental requirements. In this context the main items are detailed on solid ink printing technology, widely promoted by the representative company in the market.
INTRODUCTION
In the last two decades, the digital printing technology had a vertiginous development in comparison with the analogical technology. This evolution can be explained by the development of the information technology.
''A printing press is a complex piece of high-precision industrial equipment that is designed to produce printed material at a high rate of speed and low cost per page'' [1] if a large number of copies are printed. ''Printing presses are commercially available which use several different types of printing technologies, but the most common type is called offset lithography'' [1] . "An offset printing press has a separate printing unit, or tower, for each color of ink" [1] , figure 1. "Each printing tower has three main cylinders -the plate cylinder, blanket cylinder, and impression cylinder. Each of these cylinders is designed to have a surface which is slightly larger in area than the size of sheets which are printed by that particular press" [1] .
Figure 1.
An offset print unit [1] .
Another type of typography is the one in tandem. The analogical technology is specific to mass production and to high quality printings. In the last decade the printed information market (newspaper) leaves place to information posted on web pages. Therefore, the consumption of paper and ink has reduced, and in addition to that the information gets quicker to the reader.
Digital technology is addressed to variable data printings, the digital process may vary on-the-fly, the printed document is obtained in a very short time, compared with analogical technology.
The quality and speed offered by this technology is still in full development, for the market segments, figure 3 , depending on the diversification of customers needs. Compared to analogical technology, the digital technology is user friendly, the users not needing knowledge and special education in this field, usually a training of 1-8 hours, depending on the equipment, is sufficient for a new user in this technology. Another advantage that the digital technology presents is the fact that it does not use toxic materials and it is environmental-friendly. In the last decade the focus is on reducing waste.
Another major advantage of this technology is the ease of transmitting information in digital format, it can be transmitted and printed anywhere in the world in a very short time, practically in only a few seconds.
The two technologies became complementary, the analogical technology is addressed to printing a high number of copies in a long time and with qualified personnel in this field, while digital technology is addressed to diversified printing market obtained in a very short time and with users without detailed knowledge in this field.
The relationship between the quality of printed image and hardware factors allows for absolute performances comparation between diverse imaging technologies, both analog and digital [8] . b) liquid ink, which is based on selective deposit of fine ink droplets on the printing support with the help of a printing head; c) solid ink, which is similar to printing with liquid ink, using one or more piezo-ceramic heads and wax.
The trend in all these ways of printing is to use environmentally friendly ecological materials, to reduce the quantity of waste, to increase the quality and reduce the final price of the printings.
DRY INK BASED TECHNOLOGIES
Xerography, a combination of the Greek words for dry "xeros" and writing "graphein" describes the phenomena by which images are produced by the creation of electrostatic charge patterns, which are then made visible by charged marking particles [Schaffert and Oughton, 1948] , [9] .
The xerographic process takes place in six steps, figure5: charging, exposing, developing, transfer, fusing and cleaning. Figure 5 . The steps of xerography [12] .
In the original patent Chester Floyd Carlson used S and a mixture of S with Se. Since then, the photoconductive materials used for manufacturing photoreceptors diversified, today being used chalcogenide glasses, organic materials, amorphous silicon and other materials. In the past years they have laid the foundation on organic materials deposited in a single layer or two base layers. The first organic photoconductive materials used were the aggregate and PVK.TNF [9] . The photoconductive materials used and the concentrations are kept secret by the producers.
The equipments which rely on xerographic process that use organic photoreceptors can be found in the market as office equipments, graphic art equipments and production equipments. Practically it covers all the areas where documents are printed till mass-production where are entering typographic equipments.
Based on these technologies were built equipments both black&white and color depending on the market segment which is addressing to.
These kinds of equipments after the integration and modularity process need a few basic supplies such as: toner, photoreceptor, fuser, paper drive roller, etc.
We can tell that after using these kinds of equipments results a big amount of waste. Comparing with the printing technologies using ink, it has the biggest rate of recyclable waste.
The maximum printing resolution of this family of equipments is given by the exposure system, laser or led array unit. In case of exposure with laser, the generated beam by the laser diode is projected on a polygonal mirror which by rotation deflections the beam, following that this to be projected on the photoreceptor by a system of lens and mirrors. As configuration a laser module may have one or more beams. For raising the printing speed it is used the exposure with multiple beams, figure 6, while for raising both the speed as well as the resolution, there are used multiple beams with optic fibers, figure 7. Figure 6 . "Schematic drawing of multi-beam laser scanning system" [11] . Figure 7 . "Laser printer optics using optical fiber array device" [4] .
Another alternative of exposure is the one with led array, figure  8 . Figure 8 . "Photograph of the 600 dpi EF LED array unit" [6] .
The correction of the grey levels at the LED Print heads can be realized by non-linear exposure uniformity correction method that uses center-weighted PWM system to generate the clocks.
Depending on the resolution, the size of the doth, the colors of the toner and the processing capacity of the equipments we can talk about the gamut (the color space) which can be reproduced by the equipment. This is smaller than the one of the equipments with liquid ink, because this uses only four colors, black (K), cyan (C), magenta (M) and yellow (Y). For reducing the quantity of color toner when forming the image it compensates with black toner.
For a more accurate reproduction of the colors are used dedicated systems of image processing (RIP systems -raster image processor) and color calibration (densitometers, photo spectrometer).
To assist users in order to reduce workload and increase final product quality, to the printing equipments can be attached optional finishing systems with various operations such as perforating, stapling and folding.
Digital equipments based on xerography with organic photoreceptors, due to its characteristics adapted to the requirements of the market and of the environment, are the most used ones today.
LIQUID INK BASED TECHNOLOGIES
The technology of printing with liquid ink is based on formation and deposition of droplets of ink onto the paper by printing heads.
At liquid ink based technologies, in order to expand the gamut, it was added vivid colors.
A scheme of technologies with ink-jet is presented in figure 5 . Figure 9 . A basic map of the ink-jet technologies [2] .
"Fundamentally, ink-jet printing is divided into the continuous and the drop-on-demand ink-jet methods" [2]. "Depending on the drop deflection methodology, the continuous ink-jet can be designed as a binary or multiple deflection system. In a binary deflection system, the drops are either charged or uncharged.
The charged drops are allowed to fly directly onto the media, while the uncharged drops are deflected into a gutter for recirculation" [2] , figure 10. Figure 10 . "Continuous ink-jet: A binary-deflection system" [2] .
"In a multiple deflection system, drops are charged and deflected to the media at different levels" [2] , figure 11. Figure 11 . "Continuous ink-jet: A multiple-deflection system" [2] .
"The uncharged drops fly straight to a gutter to be recirculated. This approach allows a single nozzle to print a small image swath. Both of these methods are widely used in the industrial coding, marking, and labeling markets" [2].
The office market is dominated by water-based ink. In figure  12 is presented drying mechanisms of a water-based ink-jet drop on a plain paper. Figure 12 . "Wetting, evaporation and penetration sequence of a water-base in droplet landing on a plain, uncoated paper substrate" [2] .
Printers with liquid ink are used for reduced workload and/or special support with a high resolution. This technology is used from the small office printers to plotters for printing engineering drawings, to printing of the meshes from advertising industry.
There were developed also dedicated equipments with deposition of the droplet on special supports such as textiles, plastics, etc.
The big advantages presented by these equipments is that they occupy a smaller volume than the xerographic equipments, have more diversified media and supports a big thickness of the printing support, reaching up till cardboard packaging, very big printing areas, few meter wide and tens of meters long, the consumable's dimensions are significantly smaller, also their amount.
The disadvantages of this technology are the leaking of the ink on the printed surface, needs drying time, waving of the printed support in case that is printed on thin paper, print head clogging, expiring the validity term of the consumables, etc. For this purpose were created printing heads in a big diversity of solutions of forming the droplets.
The resolution and the color of the ink used are defining concerning the color space. On the office market, the equipments with ink have a descending trend in favour of the ones that are based on xerography. A well defined place on the office market is wide format printing.
SOLID INK BASED TECHNOLOGIES
Solid ink was introduced in 1991 by company Tektronix, and in year 2000 Xerox bought the patent and developed the printing technology with wax by using technique drop-ondemand, using heated piezo-ceramic printing heads.
The printing principle, figure 13 , supposes melting of the ink and transporting it in the printing head, which eliminates ink droplets through the order of piezo elements and deposits them on a drum, figure 14 , from which the ink is transferred on the printing support that was heated first. frequencies, a pulsed jet is formed." [7] Initially this technology used a single printing head which covers the wideness of the page, which had improvements developing more efficient constructive solutions, figure 15. Figure 15 . "Print head technology migration over time, highlighting the evolution of the full-width head and the advances of the modular head" [10] .
Today are used modular print heads, figure 16, aligned around a drum, figure 17, with the help of which has increased the performances, such as speed and quality of printing. In the service routines there are offered the possibility that the defect nozzle can be taken out of using, its function being taken over by the ones from the neighborhood, this fact prolonging the life-time and the quality of the print until it will be replaced. Once developed and integrated this technology, the price per printed page became lower.
Due to the viscosity of the wax, the support on which can be printed has to be a good absorber, which reduces the diversity of materials that can be used. For example, part of the ink from the printed paper is transferred to the next sheet under the effect of pressure applied by a writing instrument, like pencil.
Another disadvantage of this technology is the warm-up time, depending on the size of the equipment it can reach up to one hour. For minimizing this drawback, the manufacturer has developed a routine whereby the equipment "learns" the user's work program, so if the use of the equipment begins at 8 am, will exit from standby earlier and at this time will be ready for printing. This function is named "Intelligent Ready".
For these reasons, this technology is addressed only for office equipments, proofing etc.
Although it has these disadvantages, using of solid ink has several major advantages revealed by the market, such as price per page, the fact that it does not use toxic substances, has clean printings, the volume of the supplies is very low compared to equivalent laser equipments, and the volume of waste is 90% less, figure 19 [14] .
This technology is environmental friendly because the ink is non-toxic form of cubes that does not require special packaging, the cleaning system needs to be replaced at a high amount of pages, and the wax resulted as waste from the printing process does not present any danger (wax and pigment). 
CONCLUSION
A comparative study was made regarding document printing techniques, considering the analogical and digital technology, motivating the quick development of the digital technologies compared with the analogical ones. Also, it were analysed comparatively the printing technologies based on toner, liquid ink and solid ink. Research for developing in the past few years of the solid ink printing technology has in view both technicaleconomical aspects but also the ones regarding the protection of the environment.
